now generally called "hiatus hernia" have as the outstanding clinical feature repeated vomiting usually dating from birth and the vomitus frequently contains some blood.
The term "hiatus hernia" implies protrusion of a portion of the stomach through the gastrocesophageal opening in the diaphragm, so that the cardia comes to lie within the thoracic cavity. It is debatable, however, whether this anatomical malposition of the cardia is due primarily to an enlarged diaphragmatic opening with an upward retraction of the oesophagus or to a true oesophageal shortening as a consequence of a failure of normal growth and development. Uintil this controversial question has been settled it is preferable, at least in so far as infants are concerned, to use the term "partial thoracic stomach" thus avoiding any implication of precise etiology (Carre et al., 1952) . The fact that there is a certain amount of mobility of the cesophagus in health must not be overlooked, as normal respiratory movements of the diaphragm do require the cesophagus to slide up and down for a short distance (Rios-Solans, 1953) . When this defect is present at birth a congenital short cesophagus would appear to be the more reasonable explanation. This contrasts with a paracesophageal hernia, which is clearly due to a pathological diaphragmatic opening, but only exceptionally is there any displacement of the cardia. When the lesion is first found in adult life it is more comparable to hernmi elsewhere and arises from an acquired incompetence of the hiatus consequent upon a loss of elastic tissue, increased intra-abdominal pressure or laxity of the diaphragm (Jones, 1952) .
Be this as it may, the exciting and fundamental cause of the symptomatology of the disease is a failure of function of the gastro-cesophageal junction, permitting a reflux from the stomach into the cesophagus, with consequent emesis. This regurgitation of acid gastric contents may give rise to cesophagitis, ulceration, and eventual stricture. If, on the other hand, the cardiac sphincter mechanism is intact, whatever may be the position of the cardia the child will be asymptomatic and clinically well.
What mechanisms are responsible for the closure of the gastro-oesophageal junction is controversial. There is no true anatomical muscular sphincter at the lower end of the cesophagus, but the extent to which physiological closure is determined by anatomical structures, autonomic innervation or muscular contraction has yet to be elucidated. May it not be that different cases of "chalasia" of the cardia have different etiological causes and that there is no one common factor operative in all instances? (Berenberg and Neuhauser, 1950; Wyllie and Field, 1946.) Incidence.-The incidence of what I prefer to call partial thoracic stomach is by no means insignificant. For example, Birmingham Children's Hospital during the last several years has admitted some 15 to 20 infants each year suffering from this abnormality.
Symptomatology.-Repeated vomiting dating from birth or the early neo-natal period is the usual story. Robert H., aged 9 days, with history of vomiting since birth, sometimes during, sometimes after, feeds. No blood present in vomits and feeds always taken well. X-ray shows a small loculus of thoracic stomach with marked gastro-cesophageal reflux (Fig. 1 ).
Initially the vomiting is closely related to feeds, is occasionally projectile and thus the picture may simulate pyloric stenosis. Within our experience the combination of partial thoracic stomach and hypertrophic pyloric stenosis has been observed in eight infants. It is interesting to speculate that the cardio-cesophageal reflux in such instances has been aggravated, if not caused, by the increased intra-abdominal pressure which is an inevitable complication of the pyloric obstruction. Bloodstaining of the vomit is frequent and this has been observed occasionally within the first few days of life. Presumably it indicates some cesophageal ulceration and it is surprising that this can occur so soon after birth. After the neo-natal period the association between feeding and vomiting is not so close but change of position, crying and handling of the infant are more likely to promote vomiting. These infants fail -to thrive but constipation is not nearly so constant as in pyloric stenosis. An appreciable number of infants with a partial thoracic stomach suffer little or even no inconvenience therefore medical advice is not sought. For example, I have notes of one child who died of miliary tuberculosis at the age of 3 months. Routine post-mortem examination revealed a cardia 1 in. above the diaphragm, but there had not been any vomiting or feeding difficulties prior to the onset of the fatal illness. Occasionally confusion may arise with pyloric stenosis particularly when gastric peris-Proceedings of the Royal Society of lIedicine talsis is visible, but blood-stained vomit is very rare in pyloric stenosis. In the older infant the picture may simulate a respiratory infection or even whooping-cough.
Prognosis.-Before an assessment of treatment can be intelligently measured some knowledge of the natural history of the malady is essential. This point is not infrequently overlooked and erroneous impressions of the benefit of treatment can thus be easily created. Our experience in Birmingham (Carr6 et al., 1952) has demonstrated that in the large majority of these children the disease is benign and a symptomatic cure occurs in most.
The following case demonstrates a clinical cure though radiological examination shows a persistence of the regurgitation. (Fig. 3) .
A further detailed study and follow-up of some 50 cases in whom the diagnosis has been established during infancy is being undertaken by my colleagues, whose findings will be published in due course.
Treatment
Symptomatic and palliative measures.-Here two main principles have to be observed: (a) nursing the infant in as near as possible an erect posture day and night, and (b) thickening the feeds and introducing a semi-solid diet as soon as possible. It has not been found practicable to maintain a sitting position for the3e infants by means of pillows and in Birmingham we have devised a satisfactory, simple and cheap plaster chair which can be used both in a cot and in a pram (Hill, 1953) (Fig. 4) . This chair has been used successfully both in hospital and in the home. It is very easy to make a new chair when the baby outgrows its original one. Cases where the disease has not been recognized until the age of 9 to 12 months may not respond so quickly but even so the results are promising and so far we have not had any reason to regret such expectant treatment.
Stephen K. First seen in March 1953, when 8 months old, with a history of repeated vomiting since birth with some blood in the vomit durirg the previous month. During succeeding seven months with nursing in erect posture he has gained 6 lb. in weight. Radiologically a partial thoracic stomach persists unchanged with some reflux but no signs of any cesophageal stricture (Fig. 5) .
Craig (1953) has drawn attention to a flattening of the top of the head which he has observed in two infants who had been nursed upright for a period of four months. During the last several months we have carefully scrutinized our babies and have seen one infant-now 9 months old-whose skull does appear a little flattened. Whether this alteration in shape is due to treatment cannot yet be answered. There is, however, another point to which attention should be directed, namely, whether such a position may not have some deleterious influence upon the growth and development of the pelvis, important, in particular, so far as female infants are concerned. Dr Radiology, Copenhagen, 1953) : In adults a lax cardia with free reflux of gastric juice into the cesophagus and the sliding type of hiatus hernia can be demonstrated in about 5% of all barium meal examinations when the necessary technical procedure is carried out. There may be no symptoms.
In children, the condition usually presents between 5 and 10 years as oesophageal stenosis or ulceration and it is now believed that this represents the late stage of a process starting probably during the first year of life. Whether lax cardia and sliding hernia are as common at this stage as in adults is not known, because no series of examinations directed toward the elucidation of this point has yet been published.
In infants, of recent years, the attention of paediatricians has been increasingly directed to the possibility of reflux cesophagitis as a cause of vomiting, and barium meal examinations have been carried out in many suspect cases. This contribution is based on the results of 100 consecutive examinations of this kind on infants under the age of 14 months. It must be emphasized that the cases were referred by experienced clinicians after other obvious causes of vomiting, such as pyloric stenosis or intestinal obstruction, had been excluded and are therefore a somewhat specialized group. Moreover, several were included in which the expectation of demonstrating an abnormality was thought to be small. Table I shows the results of these examinations. Of the positive cases found, 2 settled down with conservative treatment; 9 underwent surgical operation, and of these 4 still require dilatation of the residual stenosis. These results amply demonstrate the reliability of the radiological method in the assessment of this condition.
The problem of radiological diagnosis is not so much the recognition of the advanced case, which is usually straightforward, but the separation of effects. In the well-established case all four of these criteria are present in varying degrees of severity and it is the object of the barium examination to establish the presence and severity of each.
(Esophageal movements.-A study of the normal reveals a wide individual variation. In some cases there is vigorous effective peristalsis with rapid passage of a bolus down the aesophagus and straight.
into the stomach. In others there is a temporary hold-up just above the diaphragm by what looks like an efficient cardiac sphincter and more than one bolus may collect before emptying into the stomach occurs. In others again all movements are feeble and food tends to lie in the cesophagus until a series of peristaltic waves arises which pushes it on.
In the normal case also the junction between cesophagus and stomach is well defined, there being an efficient "sphincter" between the two, whatever its nature, which one can define even when relaxed. In the abnormal one with a wide hiatus it may be quite impossible to say where cesophagus ends and stomach begins, the whole being a continuous tube.
In the abnormal case the findings are again variable. There may be no abnormality seen until the stomach fills and reflux commences. Or, there may be very little movement at all and the cesophagus may act as an inert tube up and down which regurgitated fluid passes at each respiration in the supine position, what motive force there is being due mainly to the act of swallowing or to gravity when the patient is erect. In others the movements are more vigorous but unco-ordinated and die away in the lower third of the cesophagus. In 5 of our cases there was well-defined localized spasm in the lower cesophagus which partly relaxed to allow fluid to pass, and in 2 there was a classical incisura opposite an ulcer crater, such as is seen in peptic ulceration in the stomach or duodenum. In the advanced case, of course, the cesophagus is dilated proximal to the stenosis.
Regurgitation.-In the normal infant when the stomach is full and the child lies in the supine position reflux takes place at irregular intervals without any warning, and is usually seen two or three times during the period of examination which is ten to fifteen minutes. In some cases it occurs more frequently when a large amount of air is present in the stomach, and ceases when the air has been expressed. Crying also tends -to increase the frequency of reflux.
In this series a pathological state of affairs was considered to be present when reflux took place freely at every deep inspiratory phase of respiration. 21 of the cases showed this state of affairs, some with associated structural change, some without. It was found unnecessary to adopt the Trendelenburg position; to hold the child upside down; or to exert pressure on the stomach to demonstrate this finding. All that was needed was a full stomach.
Changes in the awsopAageal wall.-These were usually striking and accompanied by the conditions just described. In their simplest form they consisted of rigidity of the cesophageal wall with localized impairment of peristalsis. This rigidity was sometimes associated with constant sharply-angled toothlike projections from the wall and these are now believed to be a reliable sign of cesophagitis (Fig. 2) . In 3 cases there were obvious ulcer craters, such as we find in peptic ulceration elsewhere (Fig. 3) , and in 2 other cases there were probably ulcer craters. In at least 2 cases there was evidence of the (esophagus being adherent to surrounding structures which suggested the adhesions that are sometimes met with at operation.
Finally, in the more advanced cases there was marked stenosis and shortening of the cesophagus such as is well known in older children, and twice it was shown that this advanced state developed in a period of only three or four months. The length of this stenosis is usually only 1 to 2 cm. but may be as long as 4 or 5 cm., and in 2 cases two narrowed lengths were found and proved at operation.
Herniation ofthe stomach is usually easy to demonstrate in the advanced cases providing the stenosis allows the barium fluid to pass through for its delineation. It is not always easy to demonstrate in the early stages when there is no well-defined line of demarcation between oesophagus and stomach. I have found a study of the peristaltic wave and the folds of the endothelium to be unreliable guides in this problem and I now usually settle the point by carrying out bi-manual compression when the stomach is full. This manceuvre readily produces herniation when it is of the intermittent type and exaggerates it when it is permanent.
In the 11 cases labelled "aesophagitis" these four criteria (free reflux, abnormality of aesophageal movement, structural changes in the cesophagus, and hernia) were all satisfied. Where possible they have been confirmed by oesophagoscopy, operation, or by follow-up examinations.
Technique.-Because the cause of vomiting is unknown when the baby is first examined the method used must be capable of excluding disease at least as far as the small intestine and it must also be able to establish the four criteria mentioned. Radiographs of the chest and abdomen are first taken to exclude gross changes and intestinal obstruction. The child is then bottle or spoon fed with a preparation containing barium sulphate, sugar and dried milk, which is usually greatly appreciated, and as a full stomach is essential for adequate demonstration, this is an important point.
The cesophageal movements are first observed fluoroscopically in the supine position. The child is then turned on its right side while feeding continues and kept so until the pylorus opens, when the duodenum is examined. Pyloric stenosis can thus be excluded. This is an important matter as there is a distinct association between pyloric stenosis and gastric reflux. If air collects in the stomach during feeding it is expelled in the erect position. When the stomach is full the child is again placed on its back and the amount of regurgitation noticed. Bi-manual pressure is then applied to demonstrate the presence or absence of a sliding hernia. Finally an eighteen-hour film is taken to exclude such things as malrotation of the intestine. The whole process takes ten to fifteen minutes and no ill-effects have been noticed. SUMMARY An analysis of 100 consecutive cases, referred for barium examination because of unexplained vomiting before the age of 18 months, showed that 11 % had evidence of cesophagitis caused by an abnormal degree of regurgitation of gastric juices. Later examination showed, as has been the experience elsewhere, that this can lead rapidly to the severe stenosis for which the present remedies are both drastic and rather unsatisfactory, indicating the necessity for the earliest possible recognition.
A cine-radiographic film was shown to illustrate the points raised.
Mr. David Waterston (Hospital for Sick Children, Great Ormond Street): There has been some controversy as to whether hiatus hernia is a congenital disease. Fig. 1 is a radiograph of a baby who was admitted when 1 day old with symptoms suggestive of a tracheo-cesophageal fistula; it shows well the typical appearance of a hiatus hernia with an intrathoracic loculus of stomach. On numerous occasions we have been able to demonstrate this lesion in the newborn, both radiologically and at operation. There seems to be no doubt therefore that the lesion may be present at birth and probably before; may it not be possible that some of the complications of hiatus hernia may occur in utero? If we believe that the sequence of events in some cases of hiatus hernia is: reflux of hydrochloric acid-cesophagitis -ulceration of lower cesophagus-stricture formation, why should not this process occur before the child is born? All the requisites are there: the child is in a head-down position making reflux easy; there is often a very high concentration of hydrochloric acid in the stomach in the last few weeks of gestation. Why should not stricture formation also occur? This might account for the well-described cases of web-like obstruction in the cesophagus in the newborn.
All the strictures of the aesophagus in children that I have seen (apart from those caused by corrosive fluids or trauma) have been in cases with a hiatus hernia; the pouch of stomach above the diaphragm is not always easy to demonstrate radiologically, but can always be seen at operation. Fig. 2 shows the types and complications of hiatus hernia that may be seen in children. The stomach in Type C may undergo volvulus either above or below the diaphragm.
Indications for Surgical Treatment
Since the majority of these children lose their symptoms when they start walking upright, the only indication for surgical treatment is the presence or the threat of complications. (Esophageal ulceration which progresses to fibrous stricture alters the prognosis so profoundly that every effort should be made to prevent this complication. The assessment of the severity of theasophagitis t and the recognition of a stricture once it has formed can only be made by aesophagoscopy. This examination should be carried out in all children of whatever age, if cesophagitis is suspected.
Hematemesis by itself is no indication of the severity of the ulceration, and the child on a fluid diet who appears to be getting better because he is vomiting less frequently, may owe his symptomatic improvement to the formation of a stricture in the oesophagus. Anatomy
There are several interesting anatomical details seen at operation which may have a bearing on theaetiology of the condition.
(1) Length of a?sophagus.-In all the cases operated upon it has been possible without difficulty to replace the cardia below the diaphragm; that is to say the cesophagus did not appear to be truly "short".
(2) Vagus nerves.-In many cases the vagus nerves appeared "'slack" and only took up their normal tightness after the cardia had been stretched to below the diaphragm.
(3) Infracardiac bursa.-In over half the cases operated upon a FIG. I. Hiatus hernia. Aged serous-lined bursa was opened, upon which the intrathoracic 3 days loculus of stomach glided. This bursa lies upon the right crus of the diaphragm; it is separate from peritoneal and pleural cavities, and is described anatomically as a persistence of the cephalic part of the pneumato-enteric recess (Gray, 1949) .
(4) Absence ofperitoneal sac.-Only in cases shown in Fig. 2c is a sac of peritoneum drawn up into the chest with the stomach. In the more common smaller type Fig 2B there is no peritoneal sac surrounding the hernia.
(5) Size of hiatus.-In all cases operated upon the hiatus seemed larger than normal. Following the replacement of the stomach the hiatus was narrowed posteriorly with three or four silk stitches.
Associated anomalies.-Other congenital anomalies are rare. 4 cases had congenital pyloric stenosis; 5 cases had abnormalities of the glottis or trachea producing stridor.
SURGICAL TREATMENT
The surgical repair of the hiatus and the replacement and fixation of the stomach below the diaphragm are difficult; the technique of operation does not come within the scope of this paper. The results of treatment in this condition are difficult to assess. As the symptoms tend to disappear without treatment and long remissions from vomiting are common, a large number of cases and a very long term follow-up is necessary before any conclusions about treatment can be made. I therefore look on these figures and results as only an interim report. The follow-up of these cases is still continuing. I suspect that most of this last group fall into the group described by Barrett (1950) and Allison (1951, 1953) who have extensions and islets of gastric mucosa extending up the cesophageal tube.
Most of them will probably require more radical surgery.
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There have been no deaths in this series, but it should be stressed that the operative repair of these hernias is a major procedure and is bound to carry the risk of aniy thoracotomy. In our experience thoracotomy for any condition is better tolerated and has fewer post-operative complications in the group under 2 years than over 2 years of age. 
